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Tb«  problaa  of  tho  tltlo  is  ««  foUewo*  thoro  la  a  atockpila  of 
n  ■iaalloa  and  a  Hat  of  ■  Kllltary  targata*  Tho  Taluo  of  tbo  targat 
la  a  koown  quantity  V.  (14  Tba  probability  that  tho  1^^  targat 

will  net  bo  hit  If  attaeaod  by  ^  j  nlaallo  la  a  known  quantity  P. . 

(14  14b,  14  J4a)«  It  la  aaauaad  that  a  hit  raaulta  In  total  daatruetlon 
of  tha  targat»%  lAiat  aaalgiBwnt  of  nlaalloa  to  targata  will  affact  tha 
•g>«<?ta^  daatruetlon  ? 

If  all  Blaaillaa  vara  dlraetad  to  tho  aaaa  targat,  aay  tho  1^,  tha 
daatruotlon  aiqMBtad  would  bo 

-ij]. 

Tbla  fornula  la  trivial  for  n  s  1,  and  any  ba  provad  Inductively  for  other 
valuaa  of  n  aa  foUowa  i  A  atrlka  froB  a  aalvo  of  n  Blaalloa  can  raault  In 
thraa  Butually  oxclualva  avantat 

(a)  one  of  tha  flrat  (n-1)  Blaailaa  atrlkae  while  tha  n^^  Blaaaa, 

(b)  one  of  tho  flrat  (n-l)  Blaalloa  atrlkae  and  the  n^^  atrlkaa  alao, 
(o)  none  of  tba  flrat  (n«l)  Blaalloa  atrlkaa  while  tho  n^^  atrlkaa^ 


The  probabilltloa  of  thaaa  thraa  avanta  being  added,  va  obtain,  aaaualng 
aa  an  IndAL^tlon  hypothaala  that  tba  foraula  for  D  la  valid  up  to  n>lt 


Hgobralcally,  thla  la  oqulvtlant  to  1  >  1 1  P.  • ,  Q»£»D« 
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In  the  iiazt  paragraph  thara  la  daaeribad  a  ralaxation  sathod  for  tha 
iaproTiBaat  of  ssaignMots*  This  algoritha  doaa  not  ganarally  ylald  a 
ftolution  of  tha  original  problaa,  but  ia  of farad  bara  aa  a  aeana  of  ganarating 
good  if  not  optimal  asaigmanta  Ij  neana  of  automatic  computation*  Thia 
mathod,  in  fact,  aolvaa  tha  foU'Swing  aimplar  problamt  aa  miaailaa  roll  off 
tha  aaeambly  lina,  it  ia  daairad  to  aaaigu  tnam  optimally  and  aoQuantially 
to  targata  without  altaring  tha  aaaignmanta  of  thoaa  alraady  atockpilad* 

Tbara  may  ba  inataneaa  whara  tha  problam  Juat  daaeribad  ia  the  mora  practical, 
aa  whan  altaring  tha  asaignmant  of  a  miaaila  involvaa  eoatly  reinatrumantation* 
Now  auppoae,  or  tha  momaut,  that  an  aaaignmant  haa  bean  fixed  for  all 
miaailaa  except  one,  eay  tha  one*  To  which  target  ahoula  tha  r^*^  miaaila 
ba  diraetad  in  ordar  that  tha  reaulting  full  asaignmant  ahall  be  optimal  ? 

Thia  problem  can  ba  solved  by  calculating  tha  m  different  total  destructions 
that  can  rastat  whan  miaaila  r  is  diraetad  to  targets  1,  2,*..,n  in  turn* 
Having  dona  this  for  ona  value  of  r,  wa  repeat  for  another,  at  each  step 
changing  one  component  of  tha  assignment  vector  to  increase  the  total 
destruction*  This  process,  rapaatad  indefinitely,  is  called  relaxation. 

If  all  but  tha  r^^  misfiila  are  fired,  the  probability  of  survival  of 
target  i  ia 

Tf  "ij  . 

J-i 

r 

The  expected  (surviving)  value  of  target  i  ia  then 

\  IT  H 

jAr 


If  miaaila  r  is  fired  at  target  i,  an  additional  expected  destruction  is 
affected  of  magnitude 

Ki  =  U  -  V  TT  H.. 

^  ^  j=a  ‘J  • 


FORM  NO.  A-W  I 


A 


KPflW  AG.589 
PAK _ k _ 


Mistil*  r  should  tbsn  be  esslgned  to  that  target  i  for  which  is  a  aax- 
iauB*  A  prograo  for  the  lEM  650  which  perforM  this  task  itaratively  is 
described  in  Appendix  !•  We  show  now  bgr  exsaple  that  the  process  can  fail 
to  produce  a  solution*  Consider  the  datun 


V 

P 

40 

.5 

*8 

30 

.3 

•4 

The  asilgODent  (2*1)  yields  a  total  expected  destruction  of 

D  =  (.7)(30)  -  (.2)(40)  =  29. 

Any  attempt  to  improve  this  by  alteration  of  a  single  component  will  fall, 
for  D  (1,1)  =  27*2  and  D  (2,2)  =  26*4*  However,  D  (1,2)  ~  38*  The 
assignment  (1,2)  can  be  obtained  from  (2,1)  only  by  alteration  of  ^  com¬ 
ponents  simultaneously*  The  example  just  considered  issy  be  represented 
pictorleily  as  follows*  The  assignments  (1,1),  (1,2),  (2,1),  (2,2)  may  be 
shown  as  points  in  E^,  and  the  corresponding  value  of  D  may  be  plotted  on 
the  vertical  axis* 


9 


CONVAIR  ll  ASTRONAUTICS 


The  relaxation  algorithm  can  proceed  from  (2,2)  to  (1,2),  or  from  (1^1)  to 
(1,2),  but  not  from  (2,1)  to  (1,2)* 


FMM  NO.  A-m-: 
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KPMT _ 

PME _ 5 _ 


Another  extBplo  of  tho  anno  tjpo  la  aa  foUowat 


? 

P 

10 

•4 

•5 

•5 

20 

•8 

.7 

•5 

10 

.5 

•5 

•1 

The  asalgoBont  (2,1,3)  ylalda  nn  axpaotad  deatruotlon  of 

D  =  20(.2)  4-  10(.5)  ♦  10(.9)  =  !«• 

Erary  naalgnaant  that  can  ba  obtainad  froa  (2,1,3)  by  altarlng  a  aiagla 
coBponant  ylalda  a  lewar  aalua  of  D*  Howavar,  tbara  «ciata  an  aaalgnnant, 
▼la*  (1,2,3),  obtalnabla  froa  (2,1,3)  by  altarlng  two  ccaponanta,  which 
ylalda  a  higher  valna  of  D* 

In  an  attaaipt  to  inprowe  an  aaalgmiant  produced  by  the  ralantlon 
Mthod,  wa  nay  try  of  coaponanta  In  the  aaalgnaaot  vector  T* 

Both  the  preceding  axaaplaa  would  yield  to  tnla  traataant.  It  la  not  known 
whether  thaaa  two  aathoda  together  will  produce  optiauvi  aaalgnaanta  In  all 
ceaaa*  It  aawa  unlikely  that  they  would*  This  ooapoalta  algorltha  aay  ba 
triad  over  and  over  on  different  Initial  aaeignaanta,  and  thaaa  Initial 
aaalgnaanta  aay  ba  generated  by  a  randoa  device  in  tho  coaputar*  Maaaurea 
auoh  aa  thla  are  of  uaa  even  In  airier  problaaa  like  the  claaalcal  aaalgn- 
aant  problaa*  In  uaing  the  relaxation  algorltha.  It  la  poaalbla  to  atart 
with  any  initial  aaaignaant*  A  raaaonabla  flrat  aaalgnaant  aay  ba  obtained 
aa  foUowat  Calculate  all  nuabera  U  -  P^j)*  let  toe  graateat  be  indexed 
with  1  J  •  Then,  in  the  initial  aaaignaant,  aend  aiaalle  J  to  target  1  • 
Now  reduce  to  ^io^o  *^po«t  the  proceae,  oaittlng  aa  a  value 
of  J*  Tho  650  frograa  which  acocapliahoa  tbia  la  deoorlbed  In  Appendix  II* 

All  the  aeaaurea  Juat  deaorlbed  auat  be  regarded  only  aa  atopgapa 
until  a  genuine  aolutlon  becoaea  available* 
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